Objective: Promptly treated erythema migrans (EM) has good prognosis. However, some patients report persistent symptoms. Do patients with EM have more symptoms than the general population? We describe individual symptoms and general function in EM-patients at time of diagnosis and one year after treatment. Design: Prospective study with 1-year follow up after treatment. Questionnaires included a modified version of the Subjective Health Complaints Inventory, comprising three additional Lyme borreliosis (LB) related symptoms. General function was assessed using a five-point scale modified from the COOP/WONCA charts. Setting: Norwegian general practice. Subjects: A total of 188 patients were included in a randomized controlled trial comparing three antibiotic regimens for EM, of whom 139 had complete data for this study. Main outcome measures: Individual symptoms, symptom load and general function. Results: Mild symptoms were common, reported by 84.9% at baseline and by 85.6% at followup. At baseline, patients reported a mean of 5.4 symptoms, compared with 6.2 after one year. Severely bothersome symptoms and severely impaired general function were rare. Tiredness was the most reported symptom both at baseline and at follow-up. Palsy (other than facial) was the least reported symptom, but the only one with a significant increase. However, this was not associated to the EM. Conclusion: The symptom load was comparable to that reported in the general population. We found an increase in symptom load at follow-up that did not significantly affect general function. Implication: Monitoring patients' symptom loads prior to treatment reduce the probability of attributing follow-up symptoms to LB.
Introduction
In Europe, there is an increasing incidence of Lyme borreliosis (LB) [1] [2] [3] . The infection is caused by spirochetes of the Borrelia burgdorferi genospecies complex, transmitted through the bite of an infected tick.
manifestation. It is a localised skin lesion around the tick bite that can develop 2-30 days after attachment of the tick [1, [4] [5] [6] . With prompt treatment, patients with EM have cure rates exceeding 90%. If untreated the Borrelia infection can disseminate and cause more serious disease [1, 4, [7] [8] [9] [10] .
In Norway, only cases of disseminated LB are notifiable to the Institute of Public Health [11, 12] and the incidence was on average 5.5 cases/100,000 inhabitants/year in our study period 2011-2013, increasing from 2.1 cases in 2000 [11] . EM is estimated to comprise 80-90% of the total incidence of LB [1, 13] . A recent Norwegian study found a national estimate of 148 EM/ 100,000 inhabitants/year, making solitary EMs comprising 96% of the cases of LB in Norway in 2005-2009 [14] . In Sweden, a study from 2006 found an incidence of 464 EM/100,000 inhabitants/year in an endemic county [15] and in Holland, the national incidence of EM was 132/100,000 inhabitants/year in 2010 [16] .
Serological tests are not recommended for confirming EM, because less than 50% of the patients have developed antibodies at the time of diagnosis [17] . Hence, a prompt clinical diagnosis is crucial [18] . However, EMs vary in appearance, and reviews have concluded that there are no single factors upon which physicians can rely to make correct diagnoses [5, [18] [19] [20] . In one study, 72% of the patients with EM were correctly diagnosed in general practice, whereas 23% of patients with other dermatological conditions were given the diagnosis as well. Proper training seemed to improve the clinical diagnosis skills of the GPs [21] .
It is common for patients with disseminated LB to have remaining symptoms even after sufficient treatment [22, 23] . Despite the good prognosis, some patients treated for early LB also report persistent or new symptoms, such as fatigue, musculoskeletal pain and cognitive impairment, resulting in functional impairment. A new term-post-treatment Lyme borreliosis syndrome (PTLBS)-has been coined, defined as persistent, subjective symptoms without objective manifestations that persist for at least six months after conventional treatment. There is a great deal of controversy regarding this condition. There is a high prevalence of non-specific symptoms in the general population, and no objective evidence of active, persistent Borrelia infection has been found in PTLBS patients [9, [24] [25] [26] [27] [28] [29] . One recent study reported persistent symptoms ten years after treatment in a few patients with culture-confirmed early LB. However, these symptoms were not associated with functional impairments [30] . Other studies have shown that patients treated for EM and healthy controls report similar numbers of symptoms at controls after six months and 11 years, respectively [7, 31] . A recent Norwegian study found that exposure to tick bites and seropositivity to Borrelia did not correlate with subjective health complaints (SHC) in blood donors [32] .
This study is part of a randomized controlled trial (RCT) comparing three antibiotic treatment regimens for patients clinically diagnosed with solitary EM in Norwegian general practice. We wanted to assess whether EM patients had a larger symptom burden than the general population. Here, we describe the prevalence of individual symptoms, symptom load and general function among patients with EM at the time of diagnosis and one year after treatment.
Material and methods

Study sample and setting
Forty-four general practitioners (GPs) in Norway included patients 18 years or older clinically diagnosed with EM. Patients were randomized to receive one of three active oral antibiotic treatments -phenoxymethylpenicillin, amoxicillin or doxycycline -for 14 days. Patients were given a neutral carton of study medication. After the consultation they opened the carton and found one of the three treatments in the original packaging and with the manufacturers' information. This way the study was open for the patients, but blinded for the GPs and the researchers.The GPs attended a 2-day course on tick-borne diseases prior to inclusion of the patients. Data were collected from 10 June 2011 until 18 November 2014.
The case definition for EM was as described by Stanek et al. in 2011 [6] . As EM is a clinical diagnosis, the inclusion criterion was "if the GP would prescribe an antibiotic treatment for EM, the patient should be asked to participate". There was no screening log registering non-eligible patients or patients declining participation. The patients were asked to complete a questionnaire on the day of the consultation (baseline) and one year after treatment (follow-up). The respondents received the follow-up questionnaires by ordinary mail. Two reminders were sent by text messages to non-responders. In cases of missing or unclear data, responders were contacted by telephone for clarification.
Variables
In the baseline questionnaire, respondents were asked to record demographic information. In baseline and follow-up questionnaires, patients were asked to record whether, during the course of the last 30 days, they had experienced any of 32 symptoms, comprising 29 common, non-specific symptoms from the validated SHC Inventory [33] , and three symptoms considered to be associated with LB; "swollen joints", "facial palsy" and "palsy (other than facial)". The level of severity of each symptom was recorded on a four-point scale: "not bothered", "a little bothered", "moderately bothered" and "severely bothered". The respondents were asked to record the duration of these symptoms (1-30 days). The response rate for symptom duration was low (14.1%), and we did not use symptom duration data in our analyses.
We used a simple sum score variable for the number of symptoms reported, termed "symptom load", at baseline and at one year of follow-up (range 0-32). We analysed the numbers of symptoms reported at three levels of severity: Level I (at least a little bothersome), Level II (at least moderately bothersome) and Level III (severely bothersome).
We assessed the patients' general function by asking the following question at both time points: "At present, how would you describe your ability to perform ordinary daily activities -your general function?" Response options were "as usual", "hardly reduced at all", "slightly reduced", "moderately reduced" and "severely reduced". The question was adapted from the validated COOP/WONCA chart, which assesses general health [34] .
Statistical analyses
Sample size calculation was made for the main outcome of the RCT, the median duration of EM in each treatment group. The unadjusted sample size was 46 in each group, altogether 138 patients. We used descriptive statistics such as frequencies, proportions and means to describe the distribution of demographic characteristics and reports of individual symptoms, symptom load and general function. Two-sample test of proportions was used to compare changes in these reports over time. All p values were two-sided and values below 0.05 were considered statistical significant. After analyses ruling out multicollinearity, multivariate linear regression analyses and analysis of variance (ANOVA) tests were applied to assess the degree of which symptom load and general function at baseline explained variance in these variables at follow-up.
To describe changes in reports of individual symptoms from baseline to follow-up, we used a multi-state model and calculated the transition probabilities for each symptom. At the time points studied, a patient could be in either state 0 (not reported) or state 1 (reported) for each individual symptom. State 1 was defined as report of a symptom at severity level I (at least a little bothersome), whereas state 0 was defined as no report of the symptom. A patient in state 0 at baseline could transit to state 1 after one year or remain in the same state. Similarly, a patient in state 1 at baseline could transit to state 0 after one year or remain in the same state.
To estimate the rate of transition (transition probability), two separate multi-state Markov models were fitted to the data [35] . The first model estimated the rate of progression from healthy to diseased (from not reporting a symptom to reporting a symptom) within one year, whereas the second model estimated the rate of regression (from diseased to healthy).
Analyses were performed using IBM SPSS Statistics for Windows (v. 22; IBM Corp., Armonk, NY). Stata/SE 14.1 (StataCorp LP, College Station, TX) and R for Windows (version 3.0.1; https://cran.r-project.org/bin/ windows/base/old/3.0.1/).
Results
Altogether 188 patients were enrolled in the RCT. One hundred and sixty patients returned questionnaires both at baseline and at the 1-year follow-up (response rate 85.1%). One hundred and thirty-nine (73.9%) complete datasets were used in this study. Out of the 139, 91 (65.5%) were women. The median age was 59 years (range 18-85), with distribution: 18-39 years, 10.8%; 40-49 years, 15.8%; 50-59 years, 26.6%; 60-69 years, 32.4%; and 70-85 years, 14.4%.
At least one mildly bothersome symptom (severity level I) was reported by 118/139 (84.9%) patients at baseline and by 119 (85.6%) at follow-up ( Figure 1(A) ). At these two time points, 25 (18.0%) and 33 (23.7%) reported ten symptoms or more, respectively. The mean number of at least mildly bothersome symptoms was 5.4 at baseline and 6.2 after one year (p ¼ 0.01).
At least moderately bothersome symptoms (severity level II) were reported by 76/139 (54.7%) at baseline and 79 (56.8%) at follow-up ( Figure 1(B) ). At these time points, three (2.2%) and eight (5.8%) patients reported ten symptoms or more, respectively. At baseline, patients reported a mean of 1.6 level II symptoms, compared with 2.3 symptoms one year later (p ¼ 0.02). Severely bothersome symptoms (severity level III) were less frequently reported (Figure 1(C) ). At baseline, 19/139 (13.7%) reported at least one symptom, compared to 27 (19.4%) at follow-up. This increase was not statistically significant.
There were no significant differences in symptom load or general function between the three treatment groups neither at baseline or at follow-up, nor at any levels of severity.
The general function was reported "as usual" for 98 patients (70.5%) at baseline, compared with 95 (68.3%) one year later. At baseline, five patients (3.6%) reported severely reduced general function, compared with seven (5.0%) after one year. There were no significant changes in general function at any levels of severity.
Of the individual symptoms at severity level I, tiredness was most frequently reported at baseline by 54/139 (38.8%), followed by headache and low back pain in 53 (38.1%) and 50 (36.0%) patients, respectively. Tiredness was also the most frequently reported symptom at follow-up, reported by 67 patients (48.2%), followed by sleep problems and headache reported by 38.8 and 38.1%, respectively. The only report of an individual symptom that changed significantly from baseline (0.7%) to follow-up (3.6%) was for "palsy (other than facial)" (p ¼ 0.048) ( Table 1 ).The most frequently reported symptoms at severity level II at baseline were headache, shoulder pain and tiredness, reported by 22/139 (15.8%), 21 (15.1%) and 20 (14.4%) of the patients, respectively.
Of the severely bothersome symptoms (level III) at baseline, low back pain, sleep problems and tiredness were the most frequently reported, by 5.8, 4.3 and 2.9% of the patients, respectively.
The transition probabilities from baseline to followup for each symptom with 95% confidence intervals (CIs) are presented in Table 2 . The symptoms with the highest probability of staying unreported (remaining in state 0) were ulcer/dyspepsia (99%), facial palsy (98%), palsy (other than facial) (96%) and stomach pain (96%). The symptoms with the highest probability of still being reported at follow up, if present at baseline, (remaining in state 1) were depression (80%), swollen joints (78%) and sleep problems (73%). For the three LB-related symptoms added to the SHC questionnaire in this study, there were in addition an 89% chance that swollen joints stayed unreported at both time points, and a 67% and four percent chance that facial palsy and palsy (other than facial) if reported at time of diagnosis, were still reported after one year, respectively. Reports of tiredness at severity level I correlated highly with slightly reduced general function both at baseline and one year later (p < 0.05). The correlation was also high between reports of moderately bothersome tiredness (severity level II) and moderately reduced general function at baseline and at follow-up (p < 0.05).
The symptom load of at least mildly bothersome symptoms at baseline (severity level I) explained 53% of the symptom load at follow-up (R 2 ¼ 0.53). The numbers of mildly and moderately bothersome symptoms at baseline (severity levels I and II) explained 31% and 23% of the variance in general function, respectively (p < 0.001). Symptom load at baseline explained less of general function at follow-up. Mildly bothersome symptoms at baseline explained ten percent of the variance in whereas the moderately bothersome symptoms did not explain any significant variance in general function one year later. As "palsy (other than face)" stands out as the only symptom with a significant increase to follow-up, we have explored this symptom in detail: The absolute change in reports was from one to five individuals. The one patient reporting mildly bothersome palsy at baseline did not report this symptom at follow-up. Of the five patients reporting palsy at follow-up, one reported this as severely bothersome, and the remaining four as mildly bothersome. Looking at the general function of these six individuals, the one patient at baseline had a decline from "hardly reduced at all" to "moderately reduced", although palsy was no longer reported. The one patient with severely bothersome palsy at follow-up went from reporting "hardly reduced at all" to "severely reduced" general function. For the four others, one reported worsening from "as usual" to "moderately reduced", while the other three all reported better or unaltered levels of general function.
Discussion
Strengths and weaknesses of the study
The main strength of this study is its prospective design and that it was performed in general practice. Most other studies assessing symptoms among patients with EM are performed in hospital settings or based on registry data. EM in Norway is primarily diagnosed, handled and treated in primary care [14] . EM is a clinical diagnosis. However, most other studies have made analyses on subgroups with serologically or biopsy-confirmed EM [4, [7] [8] [9] [10] 29, 30] .
As the data of this study are based on an RCT, a limited number of patients were included. EM is not a highly prevalent diagnosis, and other studies have included a similar number of patients [30] . This might result in a type II statistical bias. However, the responder rate and proportions of completed questionnaires were relatively high, minimizing selection bias.
It is a weakness of the study that we could not compare the results for the cohort with a matched control group without EM [31] . GPs enrolled in the study were given a course on LB prior to inclusion, which is likely to have improved their diagnostic accuracy. This strengthens the study in respect to our intention to include patients with a correct, clinically diagnosed EM.
The selection of symptoms that were included can be questioned. Although the SHC questionnaire is well validated, it was modified in this study. This was essential, as we wanted to include both non-specific symptoms that are highly prevalent in the population and symptoms more specific for LB. However, it can be argued that additional symptoms associated with LB should have been included. There is a difference in time frame between the assessment of general function during the previous two weeks and the assessment of symptom experience during the previous 30 days, which may affect the comparison of these two variables. Besides, the respondents did not comply sufficiently to report the duration of symptoms.
Findings in relation to other studies
Are any of the symptoms reported at baseline caused by the EM itself? Most EMs are accompanied by few general symptoms. In a Swedish prospective EM study, the most common concomitant symptoms at the time of diagnosis were headache in 27% of the cases, muscular or joint pain in 14% and chills in 10% of the cases [5] . In the RCT casing this study there was a median of one concomitant symptom. Reports of symptoms in this study are similar to previous findings in general population studies. We found that 84.9% reported at least one symptom at baseline and 85.6% one year later. In one Norwegian population study and one in the USA, 96% and 80% reported at least one symptom during the last month, respectively [36, 37] . In our study, 18.0% and 23.7% reported ten symptoms or more out of 32 at inclusion and one year later, respectively. In comparison, among individuals in one population study, 22% reported more than ten Table 2 . Transition probabilities for individual symptoms among patients with EM from baseline to 1-year follow-up, (n ¼ 139). symptoms out of 23 during the last seven days. Only eight percent reported no symptoms at all [38] . The patients in this study reported a mean of 5.4 and 6.2 out of 32 symptoms at baseline and follow-up. In one Norwegian study, unselected patients in general practice reported a mean of 7.6 out of 38 listed symptoms [39] . Furthermore, respondents in another Norwegian population study reported a mean of 6.0 symptoms out of 23 listed [38] . Thus, reports of symptom load in our study, at both baseline and follow-up, seem to be similar to reports both from background population studies and among unselected patients in general practice, although the methodology of the studies differed, especially regarding the numbers of symptoms listed in the questionnaires.
There is growing evidence that the number of symptoms reported per se is associated with health outcomes, regardless of the underlying pathology. Studies on general symptom loads indicate that individuals who report a high symptom load prior to experiencing illness are likely to have worse prognoses at follow-up [40, 41] . In this study, we have no records of the patients' symptom profiles before the EM. Of the few studies assessing symptom load among patients with EM, patients did not report new or increased symptoms at follow-up more often than healthy controls, and symptoms were rarely reported to be functionally disabling [8, 31] . Similarly, in our study, we found no significant increase in severely bothersome symptoms or changes in general function over time.
The most commonly reported symptoms in our study were tiredness (38.8 j 48.2%) and headache (38.1j38.1%) . In a study among unselected patients in general practice, headache was reported by 39% and tiredness by 44% (unpublished personal communication, M. Kjeldsberg, University of Oslo; 20 June 2016). A Norwegian study of SHC in the background population, found a prevalence of tiredness of 53% [36] . Fatigue has been documented to be the most common non-specific symptom to persist after early LB. In our study, we only asked about tiredness, which cannot simply be compared with fatigue. Nevertheless, one study found reports of fatigue among almost half of the patients with EM [30] , whereas severe fatigue was only found in nine percent of patients with culture-confirmed EM in another prospective study [29] . Symptom reporting seems to be a relatively stable phenomenon. Almost half of patients in a general practice study presenting with physical symptoms had persistence of the symptoms five years later [42] . Thus, it could be expected that many of the symptoms reported at baseline in our study would persist, without necessarily being caused by the Borrelia infection. Current evidence does not indicate the persistence of viable B. burgdorferi bacteria after prompt treatment. Hence, non-specific symptoms should not be attributed to persistent active Borrelia infection [8, 24, 27] .
Palsy (other than facial)
As palsy (other than facial) was both the least-reported symptom and the only individual symptom with a statistically significant increase, using a five percent significance level, we wanted to assess it more rigorously. This was one of the three symptoms added to the SHC questionnaire as an LB-relevant symptom. However, it may be difficult to interpret what any particular patient meant by reporting this symptom. The Norwegian term for palsy was "lammelse". "Palsy (other than facial)" was "Andre lammelser". The Norwegian term, as well as the English, is defined as a motoric deficit. The use among the public, however, may cover "numbness" or sensory deficits, as well.
One could easily interpret the decline in general function for the one patient severely bothered with palsy at follow-up to be a possible development of LNB. However, in the RCT casing this study, there were no reports of disseminated LB after one year of followup. In addition, this patient had noted other chronic diseases. In August 2016, we acquired supplementary information from all six patients. The one patient with severe palsy, had, as did one of the others, symptoms of ischialgia. One other patient had suffered from apoplexy, one had sequelae from an earlier LNB. One had ulnar numbness in one hand, and the last patient had numbness in one arm due to shoulder arthrosis. None of the symptoms, except for the apoplexy, were new. None of the six patients had reported other LB than their EM during the one year follow-up. The patient with LNB sequelae had also noted facial palsy and joint swelling (both moderately bothersome), at both time points. None of the others had noted other LB-relevant symptoms.
Transition probabilities
Despite being the only symptom with a significant change, the probabilities of reporting palsy (other than facial) after one year, both when reported at baseline (1 to 1) and not reported at baseline (0 to 1), were only four percent (Table 2 ). In addition, although the second most reported symptom, headache, had equal reported incidences of 38.1% at both time points (Table 1) , the probability of being reported at both time points for headache was only 60% ( Table 2 ). The mean probability for a symptom to be reported at both time points in our study was 52%, indicating that the symptoms in this cohort were reported by different individuals at the different time points.
Meaning and implication
We have described the symptom load and general function in a clinically diagnosed cohort of patients with EM in Norwegian general practice.
The results of this study are similar to other outcome studies after treating patients with EM. Severe symptoms and reduced general function are rare: most are mild. There was no significant change in general function at any level of severity.
As the symptom load and functional level of this cohort, at both baseline and follow-up, were similar to other findings from population studies and in general practice settings, and the increase in symptom load did not lead to impaired general function, we cannot conclude that being treated for EM leads to worsening of subjective health or quality of life (QoL). The results of this study correspond quite well with the results of a recent US study on QoL among LB patients, in which EM patients had better QoL-scores than other LB patients, and lower QoL scores were associated with comorbidities [43] .
One productive approach could be for the clinician to register patients' symptom loads prior to treatment, so that unspecific symptoms not unnecessarily are attributed to LB.
